Z(ee)+Jets Analysis
- data vs MC comparisons

- Z(ee) + >n Jets xsections

- EM, Tngger, ... efficiencies
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Samples

> Data > MC:
> BEWTRK skim > ZIGamma* > €'e +X 400k Pythia
> Single EMtriggers > 7] ->egj: 190k Alpgen + Pythia
> Runrange: 20 April 2002 - 28 June > /7] ->eegj: 180k Alpgen + Pythia
2004 (Runs 151,817 - 194,5606) > Zjj -> esjji: 15k Alpgen + Pythia

Rejecting bad runs (CAL, SMT, CFT, > Processed with ATHENA (p16-br-03)
Jet/Met, Lurm)

336.838 pb! (Pass1 325.213 pb")
Pass 2 (T42 enabled)

JES53

Processed with ATHENA (p16-br-03)

University of 1l

nois at Chicago
|
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Selection Criteria

Rermoving bad runs/LBNs & dupli events > Jet selection:
PVX cut: [z/<60om > 0.05<EMF<0.95
Using unprescaled single EM triggers > HotF <10
Hectron selection: > N9O>1
> D101 > CHF<04
> EMF>09 > Lloonf
> 1s0<0.15
> HWT)<T2 > JES corrected p >20GeV
> p>25GeV > |det_eta|<.5
> det etal<1." > R_emoval of jets overlap_pipg
> Induding phi aradks with electrons from Z within dR
Z selection: of04
> 75GeV< Mee <105GeV
> At least one trackmatched electron
> Al least one electron needs to fire the trigger
e e o p— Marc Buehler Higgs Meeting  01-13-05 3



Datavs MC

(normalization wrt area)
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Data & MC tuning

Hectrons Jkts
Data - Correct for data EM inefficiencies - ES5.3
- Correct for trigger inefficiencies
- Correct for data tracking inefficiencies
MC - Electron smearing - ES5.3

- Correct for MC EM inefficiencies

- Correct for MC tracking inefficiencies

- Correct for difference in Z pT between
data and MC (only for inclusive sample!)

- Jot smearing
- Jkt reco scaling factor

University of lllinois at Chicago
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Jet Multiplicities

Inclusive Jet Multiplicities (D at a)

104 = ...................................
1“3 E_ ................................................................................... -\..- ................. .................
- JES 5.3 & Jet pT>20GeV
102 RIS AUTHEHERIIE SIS ...................................
10 R T R B it SRR IR SRR
1 _l 1 | 1 | 1 1 1 1 | 1 | 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 | 1 1 1 1 1 | 1 | 1 1
0 1 2 3 4 5 6 T 8

Inclusive # of jets 0 1 2 3 4 5

# events Pass 2 13,912 1,652 219 30 5 2

Pass 1 12,718 2,033 327 63 14 3

# events

University of lllinois at Chicago
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Z(ee)+X: Electrons and Zs

Sample size = 14k events MC = Pythia

1st & 2nd elec pt (>= 0 jets) ZpT (>=0 jets)

o Z peak

[ |wDat [ n Data

S0 Dwe 1400 e

- 1200j
L 1000
3000 E
: 800}
2000 800:
[ 400/}
1000/ i
: 2007

MGGV) 7MGGV) 20000 T

151 2nl lec ta (b= Uets) rapity (>= 0 ets) :

2 n Data [ n Data
4000: e 1600]

- ! 0
300: | S 10 ; ¥ 5

- - .
- T | 75 80 85 90 95 1I90(G1eg§
b - 3 L Mass = 91.02 GeV

[]u._Jleu\ | HH.‘\\H‘\ ; q [ BRI | | | |

v ' Raldly Width = 4.03 GeV

4000 m By subtracted dataf T

D MC

3500

3000

2500

IIII|IIIIJIIII|IIIIlIIIIlIIII|IIIIJIIII|II

fl

[+
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Z(ee) + >1jet(s): Electrons and Zs

Sample size = 1.7k events

1st & 2nd elec pt (>
700 -

=1 jet)

B00F

00

200

B0

ol

s00[..

doof-...;

0l

Z T (>=1jst)

300

rapidity {==1ji
m% ......... ......... ......... i"".Data
3B0E: — - - .. |HMc .

300? ......... TR

Rapidity

100_ .................. ................. .................. .................. .........

MC = Zj Alpgen

Z peak

W Bky subtracted data ):

500:_ : .................. .................. .................. ........ .

ol
300_ .................. ................. ................. .................. ........ .

200_ .................. ................ .................. .................. ........ .

'+"'

75 80 85 90 95 10;;;| 1(95\,)

Mass = 91.40 GeV
Width = 4.09 GeV
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Z(ee) + >1jet(s): Jets

s

W Data . o : W Data . P 1
.ALF‘GEN hAg : .ALF‘GEN hAg - : : ag—‘
: i diem_Ttrk_jet_eta_ljet I diem_Tyk_jet_phi_1ljet

| Dalta 380

: .ALF‘GEN hAg

300

a0 280

200

w

All Jkets

2040|

0 10 20 30 40 S0 60 TD B0 S0 104 3 -2 - a 4 2 3 o 4 2 3 a ] [
(3 m &

et e e et e ety

1st Jet Eta (>= 1 jet) 1st Jet Phi (>= 1 jet)

:. 1 = Data

I ALPGEN MC

| m Data | = Data H Data

300

B ALPGEN Mg B ALPGEN Mg 7 so0ooonoood el P ALPGEN Mg

284

Iy

Lead
Jet




Z(ee) + > 2 jet(s): Electrons and Zs

Sample size = 200 events MC = Zjj Alpgen
(st & 2nd elec pt {>= 2 ets) |

Z peak

B Ehasbactd ]
. DMC s o e e

60

50

40

nﬁmnmwmnnm
30

[1st & Ind elec eta {>= 7 jats) |

20

gl

75 80 85 90 95 1'90 g?

SII:-- 5|:.':

nE. 5

IIII|IIIIIIIII[IIII|IIII|IIII

E al
[)]u .

e w-

af

1k o
af

=

Mass = 91.47 GeV
Width = 3.72 GeV

(1= '
3 8 4 45 0 8 1 18 3
1
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Z(ee) + > 2jet(s): Jets

All

1st

Jet pT (== 2 jets) |

20

10 Zo IO

40 S0 60 FO S0 90

Cat=
ALFPSEM kAT

100
e

st Jdet pT (= 2 jets) I

2>

10

s

am

il

-
-}

20 o

a0 SO0 S0

Cata
AL P CEEN bl

2nd

a

&0

FO

&0

S0

30

20

10

10 20 30 a0 S0 60 70O 80 90 100

Da't:a
ALPGERN BAC |

Pr

Jet Eta (== 2 jets) |

0

s0

30

z0

10

W [T T T T T T

-D =t= )
AL PSS ER AT

T

T

1

1

1

s

a0

Ll AR AR AR R NN R LA RRN AR LAY AR

2nd Jet Eta (>= 2 jets) |
E : = Data :
B m ALPGEMN MMC

IT

30

25

20

15

Jet Phi (== 2 jets) |

m [Cata

B A LPGEE T

2nd Jet Phi (== 2 jets) |

= Data
m ALPGERN RAC
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Cross sections

University of lllinois at Chicago
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Xsection calculation

Xsection x BR = (# of signal events)/ (Lumi x Acceptance)

T 1

Corrected for EM, 336.838 pb' kinematic and
Track, Trigger, Jt reco geometric, PVZ,
inefficiencies M,

etmult # of signal events Acceptance xsection

0 18,551 21.0% 262 pb

1 2,207 23.7% 28pb

2 286 25.4% 3.3pb

3 37 27 .8% 0.4pb

4 7 28.6% 0.07pb

5 2 30.9% 0.02pb

Marc Buehler Higgs Meeting  01-13-05 13




todo

>

>

>

>

>

>

Jet reco efficiency correction

MC dosure test

Aocceptance correction for jet removal cut
Vertex efficiency

MC background estimation

Extra jets/jet promotion'

Unsmear xsection

Update analysis note

Marc Buehler Higgs Meeting 01-13-05
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EM inefficiency corrections:

- Reco x ID efficiencies in data & MC for
xsection and data vs MC comparisons (all jet
multiplicities)

- Reco efficiencies in MC for acceptance (all
jet multiplicities)

Marc Buehler Higgs Meeting 01-13-05 15




Z(ee) + X: Reco x ID (data)

Averaged efficiency w/ o SB subtraction =88.2 +-0.2 P2 (88.0% P1)
Averaged efficiency with SB subtraction = 88.9 +-0.3 P2 (88.6% P1)

1D parameterizations (w/o SB subtr): Eta, Phi, pT

- [ |
| - = +4» | <l» n |
. T , AT ]
o.af —+ -+ Jr
- T _|_—i— = } T o.8 57.39 1 32 0.8 —
i s
-1802+ 1247.5 L
o.8 —
o6 -0.1589 + 0.0157 s
- 3
orl L Indf 7178713 0.03978 + 0.00278 ¥ 1 ndf 24.35/25
0.938 + 0.002 .
P P3 + 0.4l pO 0.5428 + 0.9931
o.6|- i p4 -0.6 = 0.1
i RO (HEEEEn (LR L p1 1.436 + 0.991
p5 0.1991+ 0.0044
3= L= p2 19.13 + 2.69
o8 p6 0.01188 = 0.00185
u||||||||||||||||||||||||||||||||||||||| ol L1 1 L1l I T | | | |||||||||
o 0.5 1 1.5 o 0.020.04006008 0.1 0.120.140.16 0.18 0.2 30 40 50 60 J0 B0
@ Py (GeV)

Flat eta 2D parameterization for pT and phi needed (next slide)

University of lllinois at Chicago
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Z(ee) + X: Reco x ID (data)

2D parameterization (w/o SB subtr): pT vs Phi

These plots are used to correct for EM inefficiencies for all jet multiplicities!
(O[] TMath::Exfpa[2)(3L+4'y) | (O Tath: 23T | (L1 TMath: Erfx[2] (31 {ATY) |

p0=-7.14878e-02 p0=-147044e+00 p0=-562633e-01
p1=969166e-01 p1=197746e+00 p1=18.34205e-01
p2=4.16703e-01 p2=160416e+01 p2=167582e+01
p3=4.94640e-01 p3=187097e+00 p3=2.03739e+01
p4=2.58078e+01 p4=258628e-02 p4=-973265e+01

University of lllinois at Chicago
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Z(ee) + X: Reco x ID (MC)

Averaged EM efficiency w/ o SB subtraction = 93.3%+-0.1 P2 (93.2% P1)
Averaged EM efficiency with 3B subtraction = 93.4% +- 0.1 P2 (93.3% P1)

1D parameterizations (w/o SB subtr): Eta, Phi, pT

=fr_Em_cta_gjat

=fT_EM_phi_ojes =ET_EM_pa_oger

1 -
- | L e - i
B —— L e . 1 L n
= —— L 1
: - S + TR j(
. B
0.9 — B
i o8l s
I w2 F ndf 40.13 / 32 o8l
o.8| PO -0.253 + 0.012
B w2 f mdf 37.56 / 25
p1 0.001529 + 0.001073
0.6
0.6
0.7 2 4 naf 140 f 14 3 pz 0.007834 + 0.000589 PO 0.1046 = 0.1702
p3 0.956 + 0.001
o 1 0.8417 = 0.1693
0.6
| .4 — P -0.2831 = 0.0406 o.al
pO 0.9323 + 0.0007 -
B +
ps 0. 1975 + 0.0024 p2 mEA)E == U
. —
I Ps 0.00B857 + 0.000983
0.z oz
0.4 —
||||||||||||||||||||||||||||| obin oo bon b b b b b e L ol lovn v v by bea li s
.5 -1 -o.s o 0.5 1 1.5 0 0.020.040.060.08 0.1 0.120.140.160.18 0.2 30 240 s0 80 70 80
- Py (Gew)

Flat eta 2D parameterization for pT and phi needed (next slide)

University of lllinois at Chicago
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Z(ee) + X: Reco x ID (MC)

2D parameterization (w/o SB subtr): pT vs Phi

These plots are used to correct for EM inefficiencies for all iet multiplicities!
| (O] TMath::Ex(IEZ)F([3]ATYy) | | ([O]1]TMath::Erf(a[2]) (3]4TY) | ([0 TMath: Exf[2) (31414 ) |

p0=5.01462e-01 p0=7.67718e-01 p0=421768e-02
p1=8.63779e-01 p1=7.11170e-01 p1=9.81402e-02
p2=2.70382e+01 p2=2.39058e+01 p2=3.02860e+01
p3=5.03853e-01 p3=6.58444e-01 p3=2.54832e+01
pd4=1.12603e+01 p4=-8.66241e-03 p4=-1.03648e+02

University of lllinois at Chicago
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Z(ee) + n Jets: Reco x ID (data & MC)

| Data & MC: EM efficiencies vs inclusive jet multiplicity

]
Q
E 95 After applying the pt/phi
5 parameterized efficiency correction
=) : .
~ to all samples the following ratio is
o 90
0 supposed to take care of the residual
= B inefficiencies due to jet activity:
85
80 | : EM jet corr (data) =1.0
- A"erage of 12 (3) bin: EM_jet_corr (MC) = 93.4% 91.2%
_ . MC i Data—89 0% i _
5.1 L RS SRS S S S =1.02
B : : : C = 91 2% :
- | L[ 1 | | L1 1 | | L1 1 | | L1 | | | L1 1 | | L1 | | | Ll | |
0.5 1 1.5 2 25 3 3.5 4
# of jets (inclusive)
Jet mult 0 1 2 3
Data 88.9+-0.3 87.2+-0.9 90.7+-24 -
MC 93.4+-0.1 92.7+-0.3 91.1+-1.0 89.8+-3.6

University of lllinois at Chicago
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Z(ee) + X: Reco (NIC)

Averaged reco efficiency w/ o SB subtraction = 98.0%+-0.04
Averaged reco efficiency with SB subtraction = 98.0% +- 0.04
2D parameterization (w/o SB subtr): pT vs Phi

These plots are used to correct for EM inefficiencies for all jet multiplicities!
| (O3] TMath::Exf(x/[2]F(B]+4Ty) | | (O3] TMath::Exf(x/[2]F(B]+4Ty) | (O[] TMathErf{xI[2])(3]#4T'y)

p0=1.15666e+00 p0=-6.61249e-01 p0=2.93278e-02
p1=1.13930e-01 p1=1.55326e+00 p1=4.08735e-02
p2=3.75039e+01 p2=158091e+01 p2=2.15278e+01
p3=6.68515e-01 p3=1.11574e+00 p3=3.30752e+01
p4=6.69022e+00 p4=3.66837e-03 p4=-1.06148e+02

University of lllinois at Chicago
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Z(ee) + n Jets: Reco (MC)

| MC: Reco efficiencies vs inclusive jet multiplicity

After applying the pt/phi

<=
w
|

- parameterized efficiency correction

Reco efficiency

98 . ............... . ................. ................. ................................. to all samples the following ratio is

97* supposed to take care of the residual
_ _ _ : | _ inefficiencies due to jet activity:

IR N W S
- : | EM_jet_corr (MC) = 98.0% 97.3%

g5 ... . MC _________________ _________________ ................. ----------------- =1.01

94

93

0.5 1 1.5 2 25 3 3.5 4
# of jets (inclusive)

btmult 0 1 2 3
MC 98.0+-0.04 97.8+-0.1 97.1+-0.6 97.1+2.0

University of lllinois at Chicago
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Tracking inefficiency coirections
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Z(ee)+X: Track (data & MC)

Eff = 2N_/(N_+N )

| diem invariant mass (1

track, >= 0 jets) |

C Entries 15425
1200 — ¥ I ndf 170.5 /50
- N (d ata) po 8.613e+04 : 1448
1000 S Mass 91.29 + 0.04516
- Width(Gauss) 3.842 + 0.04745
800 p3 0+ 1.414
- p4 0.005 = 0.8984
- p5 0 + 0.8963
500 I Exp1 5.021 + 02102
- Exp2 -0.02454 * 0.002718
400 (— -0.05 * 1.414
- 0+ 1.414
200
ol v PN AT RRTTTO TSR EETI I
0 20 40 60 80 100 120 140 160 180 200

| diem invariant mass (2

tracks, >=0 jets)|

|800|[ Entries 2346

E »> § ndf 118.6 / 50
700[— N (d ata) po 5.194e+04 * 1069

E D Mass 91.34 * 0.05495
600 — Width(Gauss) 3.694 * 0.05666

E p3 0 x1.414
So0 E pa 0.005 = 0.8984
400 p5 0 *+ 0.8963

E Exp1 4.017 * 0.3411
200 Exp2 -0.02266 * 0.004377

- p8 -0.05 * 1.414
200 — P9 0+ 1414
100

= )

o ey il IR W TSRS E VO T IV DO
Q 20 40 [<1s] 80 100 120 14Q 160 180 200

Eff(data) = 77.1% +- 0.3

| diem invariant mass (1

track, >= 0 jets) |

E Entries 71473
8000 — § 32 I ndf 718.6 /50
E N (M C) po 2.684e+05 2221
7000 —
= S Mass 91.08 * 0.01476
e = Width(Gauss) 2.435 + 0.01629
E p3 0 +1.733
5000 [— p4 0.005 i 0.899
E p5 0 *+ 0.8961
4000 F Exp1 5.723 * 0.1197
23000 f_ Exp2 -0.01956 * 0.001497
E p8 -0.05 * 1.733
2000 — p9 0 + 1733
1000
O v =S S \ A R R
(o] 40 60 80 100 120 140 1680 180 200
| diem invariant mass (2 tracks, >=0 jets)|
= Entries 55597
: N MC %2 ! ndf 486 /50
6000|— ( ) po 2.042e+05 = 1866
F D Mass 91.13 * 0.01622
50001 — Width(Gauss) 2.366 * 0.01816
- p3 O x 1.749
4000 — pd 0.005 + 0.8982
E p5 0 + 0.8952
3000 Exp1 5.164 * 0.1509
E Exp2 -0.01743 + 0.00183
2000 pe -0.05 *+ 1.749
- p9 O + 1.749
1000 —
o ) T T T PR Y OO ey il IR P N iy L I TR T A T T T Y TR N
] 20 40 60 80 100 120 140 160 180 200

Eff(MC) = 87

.8% +-0.03

University of lllinois at Chicago
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Z(ee)+n Jets: Track (data & MC)

Data & MC: Tracking efficiencies vs inclusive jet multiplicity |

Fi=

) C : : ;
& S0 N R . A
(] : : 1
5 T f
= B ; : ;
E 85— SR AR s
B T
o B : 5
= — :
R R e e e )
=
- | = data +

FAL

=In
o
e
b
b
e
N
N
e
G

# of jet-s (inclusive)

Jet mult 0 1 2

74.6%
87.7%

data 77.1+-0.3 74.7+-0.9 71.9+-2.5 Average (data)
MC 87.8+-0.03 87.7+-0.3 87.5+-0.9 Average (MC)

University of lllinois at Chicago
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Trigger inefficiency coirections
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Z(ee)+X: Trigger

Eff(pt) = p0 + p1 * Erf( pt/p2)

I<= w11 Triggerlist I

| Averaggd Effi

94.6% +-0.3 |
i s [ DSOS —— R —
<2 7 ndf 20.32719 |
poO -18.97 + 9.46
p1 19.93 +9.46 |
p2 14.27 + 0.98 | ..
B s CI——

pO -88.45 + 58.09
p1 89.45 + 58.09
p2 11.16 = 0.80 |

L L L L L L L L L L L L L
S50 60 TO

P B
20 30

L 1 L
<40

p-.-{Gqu}B
Assuming no dependence of trigger efficiency wrt jet multiplicity (next slide), these
curves are used for all jet multiplicities to correct for trigger inefficiencies.

University of lllinois at Chicago
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Trigger

| Data & MC: Trigger efficiencies vs inclusive jet multiplicity

102

-
Q
=

trigger efficiency
©
o

0
o

92

90

88

86

Jt mult

I“-EI 1 1 1 1 1 1 1 I1-5I 1 1 1 2 1 1 1 Iz-sl 1 1 1 3
# of jets (inclusive)

pre-v12
v12

94.6+-0.3 93.0+-1.0 95.1+-2.1
98.2+-0.1 96.8+-0.5 95.5+-1.6

University of lllinois at Chicago
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Z pt corrections

University of lllinois at Chicago
I
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Z(ee)+X: Z pt correction

After applying all of the corrections from the previous slides we compare the Z pT distribution

between data and MC and derive an additional Z pT correction. This correction is then applied to
the MC to take care of residual kinematic differences between data and MC (NLO effects).

| Z pT [>= 0 jets) | | Z pT ratio (data/MC) |
r 2__ ...... R e T T T e :
100} S0 O O 0
150-05 1.«5 il Error function
1a00 1,45 parameterization for
I [ Z pT ratio:
12003 1.2[
i C Ratio(Z pt) = p0 + p1 * Erf( pt/p2)
1000 B
oo LS S PO = 3.98765e-01
em:-;_ osf ........ ........ ........ ........ ....... ........ ........ . p1=-8.61209e-01
o ol JUNR UL SN O S R p2 = -8.95334e+00
200f PURCHR OO0 WO O DO O OO SO
.:]-IIII|IIII|IIII|III ﬂ-lIIIilIIIiIIIIiIIIIillllillllillllilllli
0 10 20 30 40 50 60 0 5 10 15 20 25 30 35 40

Pr (GoV)

University of lllinois at Chicago
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Z(ee)t+ >1 & 2 jet: Zpt correction

ZpT =1 jof) \ 2 pT ratio (datalMC) | ZpT = 2jets) \ 2 pT ratio (datalMC) |

L R

Lo S o 5| S N A S
o . . . L . . . . . r X . i IData . . . . . . . . .
Wop-iveid| B Data s s el i T A A

P EDMpgeanmhia MC

e U I S e 1) ul 1 EEEEEENE]
- W || |Algen/Pythia MC N O R (1 T P U OE S VO NS O L
s s e | T

% T A

,W W W | el

SO o
T

III|III|III‘III|III|II | | | I
0 20 40 60 0 100 120 140 160 180 200 0 2 & 6 8 10 0 20 40 60 80 100 120 140 160 180 200 0 20 40 60 80 100 120 140 160 180 200
Pr (GaY) pr (GeV)

No Z pT correction for 21, 2, ... samples are being applied.
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Jet reco efficiencies (J.Heinmiller)

Scale factor (data vs MC):
1.00 * Erf( 0.02852 * Z pt + 0.2623)
Cal jet pt=71/80* Z pt + 5.25

Jt reco efficiencies (data & MC):
p0 * BErf(p1 * x + p2 * x*(1/2) + p3 * x*(1/4)

PO P1 P2 P3
MC CC 0.9814 5.838*10*-2 3.759*107~-3  -0.2370
Data CC 0.9814 4.283*1072 7.623*10*-2  -0.3541

MC ICR 0.9551 0.2199 -1.8440 2.1650
Data ICR = 0.9454 7.321*107-2  -0.2149 -1.161*107-2
MC FWD 0.9739 0.1754 -1.6480 2.1030
Data PAD | 0.9739 0.1041 -0.7919 0.8777

(CC=-7<eta<.7 - ICR=7<|eta|<1.5 - PAD=1.5<|eta| <2.5)

University of lllinois at Chicago

Marc Buehler Higgs Meeting 01-13-05 32



